Abstract
Introduction
Allergies today are one of common problems of public health. It is estimated that as much as 30-40% of the world population suffer from allergies. According to current forecasts, the incidence of allergic diseases will continue to grow. Poland is among countries with a high proportion of patients with allergies, and it is estimated that about 40% of Poles are suffering from allergies [1] [2] [3] [4] [5] .
For several years now research of probiotic activity on the cellular level, and the impact on the immune system and cells has been carried on. Also many clinical trials on the effect of probiotics on health and functioning of the human body have been conducted. The use of probiotics continues to expand. Currently, it includes the treatment and prevention of many types of diarrhea, including post-antibiotic and infectious diarrhea, irritable bowel syndrome, lactose intolerance treatment, prevention and treatment of allergies and even cancer prevention [6] .
Abbreviated description of the state of knowledge
The word probiotic derives from the Greek "pro bios" -for life. Belief in the beneficial properties of fermented milk beverages dates back to biblical times. It is known that in the first century AD, Pliny the Elder recommended such beverages in the treatment of gastro-intestinal disorders. The first attempt to scientifically explain beneficial effects of yogurt on the human body was made by Ilya Mechnikov (associate of Louis Pasteur), who claimed that the bacteria contained in yogurt displace the intestinal toxinogenic bacteria and thus affect the long life in good health, giving rise to the so-called "theory of longevity" [7] .
Probiotic lactic acid bacteria and their potential in the prevention and treatment of allergic diseases
The term probiotic defines specific strains of microorganisms, which when administered to humans and animals have a beneficial impact on their bodies. These bacteria are mainly derived from the human gastrointestinal tract, mostly gram-positive, anaerobic rods, mainly belonging to lactic acid bacteria of the Lactobacillus and bifidobacterium genera [8] . Probiotics are available in the form of pharmaceutical preparations (tablets, capsules, ampoules) or in the form of food or food supplements, which contain a precise number of viable bacteria of a particular probiotic strain [9] .
Lactic acid bacteria (LAB) are commonly used for the production of fermented dairy products, vegetables or meat. The strains used in the production of fermented food or pharmaceuticals must be recognized as safe, holding the GRAS (Generally Recognised As Safe) status. They must also have a number of features in the aspects of safety, functional and technological characteristics. Lactic acid bacteria used in probiotic preparations are derived from the human gastrointestinal tract, are accurately identified, with a history of safe use and are not the subject of any reports of their potential pathogenicity or antibiotic resistance. Important functional properties of probiotic LAB include their resistance to acidic gastric juices, capacity of adhesion to the walls of the gastrointestinal tract and antagonistic action against pathogenic microorganisms which might endanger the human [10, 11] . The effect of probiotic bacteria on the intestinal flora is associated with the metabolism of lactic acid bacteria. Carbohydrate substrates are mainly subject to fermentation, breaking down to mainly lactic acid and short chain fatty acids such as butyric acid, acetic acid or propionic acid lowering the pH of the intestinal contents [12] . In addition, some lactic acid bacteria secrete substances with a bacteriostatic effect such as H 2 O 2 and bacteriocins called lactocins (e.g. nisin, acidophilin, lactacin, lactocidin) thus preventing the development of pathogenic micro-organisms [13] .
The species with the best documented probiotic properties are: Lactobacillus rhamnosus, Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus delbrueckii subsp. bulgaricus, Lactobacillus plantarum, bifidobacterium bifidum, bifidobacterium lactis, Lactococcus lactis and Leuconostoc mesenteroides. These bacteria are used in the form of pharmaceutical preparations or as starter cultures in the production of probiotic foods, mainly fermented dairy products [14] .
Lactic acid bacteria colonize the gastrointestinal tract of every healthy person and seal it against the attack of pathogenic microorganisms. However, the fetal gastrointestinal tract is sterile during fetal life. The composition of the intestinal microflora is established only after the birth. At 7-10 days of age it includes lactic acid bacteria of the bifidobacterium genus mainly from mother's milk. Therefore, it is important to breastfeed because it provides a suitable composition of intestinal microflora and protects child from pathogens. According to the research, in breastfed infants there were up to 10-fold more bifidobacteria in the gut microbiota compared with infants fed with artificial mixtures [15] . The composition of the microflora in a 2-year-old child to a large extent resembles the flora of a healthy adult human [16] . During infancy and later in life, the digestive tract is constantly exposed to large quantities of various bacteria and their metabolites. Probiotics have an effect on the intestinal epithelium itself as well as humoral and cellular immune mechanisms, and therefore affect the expression of allergic disease [17, 18] . Intestinal epithelial cells play an important role in antigen presentation penetrating the body orally, and in the regulation of the intestinal immune response [19] . It is worth noting that the composition and quantity of bacteria depends on many factors including the age, hormonal regulation, environment, eating habits and health status [20] .
The intestinal microflora affects the body through the lymphatic system GALT (Gut Associated Lymphoid Tissue), which is an integral part of the immune system closely related to the gastrointestinal tract. System GALT is also related to the mucous membranes associated with the lymphatic system MALT (Mucosa Associated Lymphoid Tissue) [21] . Immunological mechanisms of probiotics is associated with reducing the inflammatory response by modifying the presentation of the antigen promoting the differentiation of Th1 cells, NK cells and macrophage activation, increasing the expression of the genes encoding interleukin 8 (IL-8) and tumor necrosis factor α (TNF-α), stimulating and increasing the phagocytic activity [22] . In terms of prevention of allergy, probiotics also affect the increased secretion of immunoglobulin (Ig) A antibodies in the Peyer's patches, which protect the intestinal mucosa from the effects of food allergens, thereby reducing the inflammatory response. It was shown that lactic acid bacteria may affect the immunomodulatory properties of the proteins present in the food, leading to the reduction of IgE secretion and eosinophil activation [23] . The most effective is the administration of probiotics with prebiotics (i.e. synbiotics), since this addition makes the probiotic bacteria in the intestinal transit restore the balance of intestinal microflora and the prebiotic -which is a substrate for these non-digestible extends the operating time and stimulates growth. The most commonly used prebiotics include fructooligosaccharides (FOS), galacto-oligosaccharides (GOS), inulin and lactulose [24, 25] .
Bjorksten et al. found significant correlations between the composition of intestinal microflora and the incidence of allergic diseases. The researchers analyzed the comparative intestinal microflora of Swedish and Estonian children and its influence on the incidence of allergies. In children with allergic symptoms, a reduced number of bacteria of the Lactobacillus and bacteroides genera was reported and aerobic bacteria Escherichia coli and Staphylococcus aureus were more frequent [26] . In a similar study.
Wioletta Żukiewicz-Sobczak et al. Sepp et al. showed that in Estonian children bacteria of the Lactobacillus and Eubacterium genera prevailed, and the clostridium genus in Swedish children. In Sweden, a higher proportion of allergy was observed comparing to Estonia, what confirms the 'hygiene hypothesis' as a cause of allergies, showing the relation of lifestyle and quality of intestinal colonization which affects the development of the immune system [27] .
Food allergy is often observed in infancy, particularly hypersensitivity to lactose contained in milk [28] [29] [30] [31] . Probiotics are often used to relieve the symptoms of food allergy, especially in children with lactose intolerance. According to the European Society for Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN), for the treatment of hypersensitivity to cow's milk protein only blends with a high degree of hydrolysis of both casein and whey protein are used. In severe food allergies one should use a mixture of amino acids (amino acid formula -AAF), which are devoid of almost any allergenic force. Preparations for the treatment of hypersensitivity to cow's milk proteins are enriched with active immunomodulatory probiotics (mainly Lactobacillus rhamnosus GG) [32] . One of the first clinical trials examining the effects of probiotics in the treatment of allergic diseases took place in 1997 where two groups of infants with atopic eczema and allergy to cow's milk protein were compared. Infants were fed with a hydrolyzed dairy-free formula, but in some children with Lactobacillus GG added. Observations of skin lesions were performed for a period of four weeks, which showed a significant clinical improvement. Simultaneously, a decrease in the concentration of α1-antitrypsin and TNF-α in the feces was found [33] .
Another clinical study involved infants who developed symptoms of atopic eczema during breast-feeding, and children were not formula fed. Children were subjected to two months of supplementation with Lactobacillus rhamnosus GG and bifidobacterium lactis Bb12. A significant clinical improvement and a reduction in the concentration of CD4 (T-cell activation marker) as well as levels of factor TGF-β1 (transforming growth factor β1), which mediates the production of IgA antibodies in infants was shown. Researchers have observed a significant reduction in atopic eczema as a result of SCORing Atopic Dermatitis (SCORAD) decline from 16 points to 0 (b. lactis) or 1 (L-GG). All observations of this experiment confirm the possibility of modulating the immune response by probiotics [34] . Similar results were obtained by other authors who have used L. fermentum VRI-003 PCC. A reduction in SCORAD in 92% of treated children with skin lesions was demonstrated [35] .
Kalliomäki et al. conducted a long-term study on the impact of probiotics on the risk of atopic eczema. Pregnant women with an allergy history were given the probiotic Lactobacillus GG for 2-4 weeks before birth and for the next six months after birth if breastfeeding, otherwise infants formula fed were supplemented. Due to systematically administered probiotics, a risk of atopic eczema in children aged 2 years decreased 2-fold. In subsequent years, in children aged 4 and 7 years, the risk of eczema was also reduced. There was no difference in the incidence of inhalation allergies or significant changes in serum IgE levels [36] [37] [38] . Similar observations were made by other researchers. They showed reduced symptoms of atopic eczema in a group of 2-year-olds who took synbiotic preparations containing probiotic Lactobacillus strains in conjunction with galacto-oligosaccharides as a prebiotic [39] . A Polish research of Cukrowska et al. determined the effect of Lactobacillus casei and L. paracasei on the severity of symptoms in both IgE-dependent and IgE-independent atopic eczema. Children in the test group took probiotics for 3 months in a daily dose of 10 9 cells while the control group received casein hydrolyzate. The clinical condition of children was assessed both before and after the study by SCORAD. Only in children with IgE-mediated atopic eczema, administration of probiotics affected the clinical improvement observed in 93% of children [40] .
The impact of the adoption of probiotics in children aged 1-13 years in the course of atopic dermatitis was also examined. Subjects were administered Lactobacillus reuteri and Lactobacillus rhamnosus, and concentrations of cytokines: interleukin (IL)-2, IL-4, IL-10 and interferon γ (INF-γ) and sECP (soluble eosinophil cationic protein) were subject to assessment and in patients receiving probiotics a significant health improvement has been observed and also a reduction in sECP that is released by activated eosinophils and they are often used to monitor the exacerbations of atopic dermatitis [41] .
The results of many studies showed that the effect of probiotics depends on species of bacteria, and sometimes even the strain [42, 43] . Wickens et al. conducted a double-blind large trial with placebo and administered to pregnant women with a history of atopy b. lactis subsp. animalis strain HN019 and L. rhamnosus strain HN001 from the 35 th week of pregnancy, and for six months after birth if women breastfed. The same probiotics were administered to children from birth to the age of 2 years. In both groups of children, there was a similar incidence of atopy, while a significantly lower proportion (approximately 50%) of cases of atopic dermatitis in children treated with supplementation with L. rhamnosus, and the lack of effect of alleviating eczema when supplementing b. animalis lactis. It demonstrates their effectiveness in pediatric patients for the prevention of AD combined prenatal and postnatal supplementation with probiotic containing L. rhamnosus strain HN001 [44] . Tests to determine the possibility of the use of probiotics in the treatment and prevention of atopic dermatitis are immensely important because now this disease affects about 18% of children and 5% of adults, according to the study population [45, 46] .
There are a few tests to determine the role of probiotics in allergic diseases other than atopic dermatitis and food allergies. However, the study of Trapp et al. showed a positive effect of yogurt containing probiotic bacterial cultures for alleviating the symptoms of allergic rhinitis in adults [47] .
We also examined the effect of administering milk containing Lactobacillus casei strain Shirota (LcS) to alleviate the symptoms of allergy to grass pollen. The subjects had a supplementation period of 5 months prior to, during, and after pollination, and were marked with their levels of IgG and IgE (total and specific to grass pollen) during the entire study. The test group had a decrease in IL-5, IL-6 and IFN-γ and significantly lower levels of IgE and higher levels of IgG compared to the placebo group, indicating a beneficial effect of probiotic microorganisms on prevention and weakening of allergic reaction to grass pollen [48] .
Unfortunately, in patients suffering from bronchial asthma mediocre clinical effects of supplementation with probiotics were observed. In one of the studies comparing the effects of placebo and supplementation of L. casei researchers have demonstrated a beneficial effect on the symptoms of allergic rhinitis, but not asthma [49] . Similar results were obtained by Wheeler et al. examining the impact of eating yogurt rich in L. acidophilus on asthma symptoms. A significant effect on the intensity of the symptoms was not observed, especially in lung function parameters. At the same time, however, normalization of serum IgE, IL-2 and IL-4 in the serum was observed [50] .
Summary
There is a significant clinical effect differences in longterm supplementation with probiotics in relation to species and even the strain of lactic acid bacteria. Efficacy and safety of specific probiotic strains should be confirmed both in vitro, in animals and in randomized, double-blind placebo-controlled clinical trials.
Variable effects of LAB in the prevention and treatment of allergic diseases show great differences in mechanisms of their action. Specific effects through the use of probiotic preparations are dependent on important factors such as the number and viability of microorganisms in the human digestive system, the time spent in the gut and composition of microflora already present in the gut. All these factors affect the ability to induce a specific response from the immune system.
Taking probiotics, both in the form of pharmaceutical preparations and foods such as fermented milk drinks is an effective method for prevention and treatment of allergies. The effectiveness of probiotics is higher in the case of prevention of allergy in comparison to their capacity to alleviate the existing symptoms of allergy. The principal benefits of probiotics beyond their proven effectiveness are the safety of their use (including children and infants) and lack of side effects.
Since the allergy is becoming a common problem it is extremely important to carry out further research evaluating health-promoting effects of probiotic strains and the possibility of their use in the prevention and treatment of many diseases, including allergic ones.
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